Lupinus hintonii, Quinolizidine Alkaloids, Alkaloid Profile L. hintonii C. P. Smith grows in the Central Highland forests of Mexico at altitudes between 2800 m to 3200 m above see level. Members of the genus Lupinus produce quinolizidine alkaloids as main chemical defensive compounds against herbivores. Surprisingly alkaloid profiles are rather constant within this species, while substantial variation was found when compared to morphologically closely related other taxa. As part of a phytochemical project on Mexican wild lupins, we report on the alkaloid profiles of seeds and leaves of L. hintonii. 19 alkaloids could be identified by capillary GLC-MS. Six major alkaloids occurred in leaves and seeds: 13-hydroxylupanine (28% and 45% respectively), tetrahydrorhombifoline (31% and 23% respectively), angustifoline (2% and 4% respectively), lupanine (7% and 5% respectively), 13α-tigloyloxylupanine (19% and 5% respectively) and 4α-angeloyl-3 -hydroxylupanine (9% and 2%). This chemical pattern resembles that of the North American lupin L. floribundus.
Introduction
Lupinus (Leguminosae) is a large and diverse genus comprising about 500 annual, biannual and perennial herbaceous, prostrate and shrubby plants characterized by palmate-compound leaves, and regular "papilionaceous" flowers allocated in a terminal raceme. While only 12 taxa are known from the Mediterranean and North African region the majority of lupins is indigenous of Americas.
Mexico belongs to the Mountain Range (MAC) subregion (Planchuelo, 1994) , where the majority of Lupinus species occurs (Dunn, 1984) . This region is important as a germplasm resource (Planchuelo, 1994) . More than 110 wild species have been reported in Mexico (Bermú dez Torres, 1998) , comprising 39 endemic species (Sousa and Delgado, 1998) . In other words, Mexico harbours ca 22% of all lupin taxa known world-wide of which 7.8% are endemic to Mexico, indicating that Central America is a hot spot of global biodiversity for this genus.
However, the genus Lupinus is notorious for being a very complex and difficult group because of 0939Ð5075/2002/0300Ð0243 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D its diversity, the great ability of numerous species to hybridise, and often the lack of clear diagnostic features. Only the use of more than one criteria such as morphology, phytochemistry and DNA allows a deeper understanding of this genus and can contribute to clarify its taxonomy and systematics.
Quinolizidine alkaloids, which confer resistance to herbivores and pathogen microorganisms (Wink, 1988; Wink, 1992) , are characteristic secondary metabolites of the Leguminosae and are especially abundant in the tribes Genisteae, Sophoreae and Thermopsideae (Mears and Mabry, 1971; Kinghorn and Balandrin, 1984) . The genus Lupinus forms a distinct and monophyletic subtribe within the Genisteae (Mears and Mabry, 1971; Käss and Wink, 1997) .
There are a considerable number of comparative studies on the alkaloid patterns of Lupinus species (Kinghorn et al., 1980; Wink et al., 1993; Mú zquiz et al., 1994,; Planchuelo and Wink, 1993) . Chemical studies can help or refute proposed taxonomic classifications of uncertain taxa. However, the use of the quinolizidine alkaloids as taxonomical markers is controversial because they repre-sent adaptive traits which are liable to convergence and differential gene expression (Wink and Waterman, 1999) .
The goal of this study is to analyze quinolizidine alkaloid profiles of a Mexican wild and unstudied lupin species L. hintonii by GLC-MS. Furthermore, we tried to compare the chemical pattern with morphologically very close species in order to test the usefulness of QA composition as taxonomical marker.
Results and Discussion
Capillary GLC-MS analysis of L. hintonii revealed the presence of 28 alkaloids. By comparing Kovats retention index and mass spectral data to those of reference data stored in our data library (Wink, 1993; Wink et al., 1995) 19 alkaloids could (100) 98 (80) 55 (55) 193 (47) 110 ( (47) 165 (100) 110 (83) 94 (57) 123 (57) 80 ( (100) 192 (100) 55 (62) 94 (60) 68 (48) 80 (44) 4 11 ,12-seco-12,13-1980 246 (2) 205 (100) 58 (66) 162 (27) 120 (18) 106 (14) be identified unequivocally (Table I ). The profile is characterized by six major alkaloids. Alkaloid composition of 19 specimens: Tetrahydrorhombifoline: average alkaloid contents in seeds (S): 23ð 9%, in leaves (L): 31ð 11%; angustifoline: S 4ð 7%, L 2ð 2%; lupanine: S 5ð 8%, L 7ð 5%; 13α-hydroxylupanine: S: 45ð 12%, L 28ð 18%; 13α-tigloyloxylupanine: S 5ð 3%, L 19ð 16%; and 4α-angeloyl-3 -hydroxylupanine: S 12ð 8%, L 9ð 17%.
Other compounds were identified as minor alkaloids: sparteine, ammodendrine, dihydrocytisine, 11,12-seco-12,13-dehydromultiflorine, isoangustifoline, α-isolupanine, aphyllidine, Nformylammondendrine, 17-oxolupanine, 11-oxotetrahydrorhombifoline, 13α-butyryloxylupanine, 13α-isovaleroyloxylupanine and 13-tigloyloxy-17-oxolupanine (Table I) . Further minor alkaloids Table I. were present which could not be identified because their amounts were too small to allow isolation and characterization by NMR.
Alkaloid profiles of leaves exhibit a higher diversity and esters of 4 -and 13α-hydroxylupanine, like 13α-tigloyloxylupanine are commonly observed. This observations follows a general scheme in that hydroxylated alkaloids, like 13-hydroxylupanine, are more abundant in the seeds and during germination an active acyl transferase produces a variety of hydroxylupanine esters (Wink, 1983) .
Whilst tetracyclic alkaloids like sparteine, lupanine, 3-and 13-hydroxylupanine and their derivatives are very common in most lupin species, tetrahydrorhombifoline and their derivatives show a restricted distribution. (Wink et al., 1995) .
The alkaloid profile of L. hintonii is very similar to that of the North American lupin L. floribundus, whose leaves contain tetrahydrorhombifoline (38%), angustifoline (4%), lupanine (5%), 13α-hydroxylupanine (22%), 13-angeloyloxylupanine (3%), 13-tigloyloxylupanine (12%), 13-benzoyloxylupanine (1%), 13-cis-cinnamoyloxylupanine (9%), 13-trans-cinnamoyloxylupanine (2%), and 13-methoxylupanine (1%) (Wink et al., 1995) . This similarity suggests that both species, L. hintonii and L. floribundus, are closely related although their distribution ranges differ substantially. Further comparative analyses of morphological and molecular characters are necessary to test their relatedness.
Also L. aschenbornii shows a similiar alkaloid profile. This Mexican wild species contains 13-hydroxylupanine (55% and 57% respectively), tetrahydrorhombifoline (8% and traces respectively), 13α-tigloyloxylupanine (4% and traces respectively), lupanine (4% and 0.3% respectively) and angustifoline (traces and 19%) in both, leaves and seeds (Bermú dez Torres et al., 1999) . L. hintonii and L. aschenbornii are morphologically very different and their habitats are also distinct. Whereas L. hintonii is growing in the Pinus-Quercus forest at altitudes of 2800Ð3200 m above see level, L. aschenbornii is part of the subalpine vegetation of the Central Mexican highlands and grows at altitudes between 3500Ð4300 m above see level. In contrast, the morphology of L. hintonii is closer to that of L. montanus but their alkaloid profiles differ significantly: sparteine 77%, lupanine 17%, multiflorine 4% and 3 -hydroxylupanine 3% (unpublished data). These comparisons imply that similar alkaloid pattern do not necessarily correlate with morphological relatedness. Among the major alkaloids found in L. hintonii some inhibit bacterial growth (angustifoline (ED 50 50 mm), lupanine (ED 50 <5 mm), 13α-hydroxylupanine (ED 50 175 mg/kg), are toxic to insects (lupanine (ED 50 >0.1%, 13α-tigloyloxylupanine (<0.1 mm)) and other animals (Wink, 1992) . Considering the alkaloid profile of L. hintonii it is likely that QA serve as chemical defence compounds as was demonstrated for other lupin species (Wink, 1992) .
Experimental
Samples of Lupinus hintonii were collected between May 1996 and August 1999 from Tres Marías and Fierro del Toro in State Morelos, and San Rafael, Huisquilucan and Hacienda el Mayorazgo in State of Mexico at altitudes between 2800Ð3200 m above see level. Leaves and seeds were analyzed separately in order to compare the respective alkaloid profiles. Alkaloid extraction was carried out as described in Wink et al. (1995) : 0.5 g of leaves or seeds were homogenized in 20 ml 1 n hydrochloric acid. The homogenate was adjusted to pH 12 with 6 n aqueous sodium hydroxide. Alkaloids were extracted by solid phase extraction using Extrelut-columns" (Merck) and CH 2 Cl 2 as eluent. The alkaloid extracts were separated and analyzed by GLC-MS with the equipment Mod. HP 6890/5972. The column type used was DB 1; 30 m; 0.25 mm i. d.; 0.25 µm film thickness; split ratio 1:20; carrier gas: He; flow 1 ml / min; injector temperature: 250 ∞C; oven temper-ature program: 120 ∞C; 3 min isothermal; 120Ð 260 ∞C with a rate of 10 ∞C/min; then 10 min isothermal; auxiliary temperature was 280 ∞C. The electron impact mass spectra were recorded at 70 eV ionisation energy, scan (50Ð550 VMA). The Kovats index was determined by co-chromatography with a mixture of linear alkanes. Pure lupanine and sparteine were used as external standard for quantification.
